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, , , Bell
.
1
$M^{1+n}$ $(1+n)$ Minkowski , $(x_{0}, X_{1}, \cdots, x_{n})$ , $u$
$M^{1+n}$ $\mathrm{C}$ . – $(1+n)$ ,
. [1] , Nonlinear
$\mathrm{C}P^{1}$ sigma model $\mathrm{C}P^{1}$-submodel (2
) ([2] ) – ,
;
$p=2,3,$ $\cdots$ ,
$\text{ _{}p}(u^{k})\equiv(\frac{\partial^{p}}{\partial x_{0}^{p}}-\sum_{j=1}^{n}\frac{\partial^{p}}{\partial x_{j}^{p}})(u^{k})=0$ $(k=1, \cdots,p)$ (1.1)
$\mathrm{p}$-submodel . $p=2$ $\mathrm{C}P^{1}$-submodel .
p-submodel ,
.
Bell $F_{n}$ , $F_{n}$ , $\mu$
$F_{n,\mu} \equiv:F_{n}(\partial_{\mu}u\frac{\partial}{\partial u}, \partial_{\mu^{u}}2\frac{\partial}{\partial u’}\ldots, \partial_{\mu}^{n}u\frac{\partial}{\partial u})$ : (1.2)
*
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( ).
$V_{\mathrm{p},\mu}(f) \equiv\sum^{p}(-1)k(f)k=0-1:Fp-1-k,\mu.\overline{F}k,\mu$: (1.3)
$(f=f(u,\overline{u})$ $C^{p}$ ) $p$-submodel .
$V_{p,\mu}$ Bell , $V_{p,\mu}$




, , $P$-submodel ,
. .
2 Bell
( $\mathrm{d}\mathrm{i}$ Bruno ) Bell ,
$[3],[4]$ .
$g(x)$ $z$ parameter . $g_{r}\equiv\partial_{x}^{r}g(x)$ .
$n$ Bell :
$F_{n}(zg)=F_{n}(Zg_{1}, \cdots, zg_{n})\equiv k_{1+2+\cdots+nk}21\geq 0,\cdots,k_{n\geq}k\sum_{0}n=n\frac{n!}{k_{1}!\cdots k_{n}!}(\frac{zg_{1}}{1!})^{k_{1}}-(\frac{zg_{2}}{2!})^{k_{2}}\cdots(\frac{zg_{n}}{n!})^{k_{n}}$ .
(2.1)





$F_{n+1}(zg)= \{\sum_{\Gamma=1}^{n}gr+1\frac{\partial}{\partial g_{\Gamma}}+zg1\}F_{n}(zg)$ . (2.3)
139
$F_{n}(zg)$ $z$ $B_{nj}=B_{nj}(g_{1}, \cdots, g_{n-j+1})$ Bell (
Bell [4] $)$ .
$F_{n}(zg1, \cdots, zg_{n})=\sum_{j=1}^{n}zBjnj(g_{1}, \cdots,g_{n-j+1})$ . (2.4)
(2.2) .





$g(x),\overline{g}(x)$ , $z,\overline{z}$ parameters . $\mathcal{P}_{\mathrm{B}}$ 2 Bell
$(zg)\overline{F}_{m}(\overline{z}_{\overline{\mathit{9}})}$ $\mathrm{C}$ . ( $F_{m}(\overline{z}\overline{g})$
$\overline{F}_{m}(\overline{z}\overline{g})$ . ) , .
$\Phi:\mathcal{P}_{\mathrm{B}}arrow \mathrm{C}[\xi,\overline{\xi}]$ , (31)
$\Phi(F_{n}(zg)\overline{F}(m\overline{z}\overline{g}))=\xi^{n}\overline{\xi}^{m}$ (3.2)
$\Phi$ , $\mathcal{P}_{\mathrm{B}}$ 2 $\mathrm{C}[\xi,\overline{\xi}]$ . , $\mathcal{P}_{\mathrm{B}}$
$\partial\equiv\sum_{r=1}^{\infty}(g_{r+1^{\frac{\partial}{\partial g_{r}}}}+\overline{g}r+1^{\frac{\partial}{\partial\overline{g}_{\Gamma}})}+zg_{1}+\overline{z}\overline{g}_{1}$ (3.3)
. $\mathrm{p}_{\mathrm{B}}$ well-defined , .
$\partial(F_{n}(zg)\overline{F}m(\overline{Z}\overline{g}))=F+1(nZg)\overline{F}_{m}(\overline{z}\overline{g})+F(nzg)\overline{F}_{m}+1(\overline{z}\overline{g})$ . (3.4)
, $F_{n}$ n , (2.3) ,
$\partial(F_{n}(zg)\overline{F}m(\overline{z}\overline{g}))$
$=$ $\{\sum_{r=1}^{n}g_{r}+1^{\frac{\partial}{\partial g_{r}}}+\sum_{r=1}^{\tau\prime}\overline{g}_{r+}1\frac{\partial}{\partial\overline{g}_{\gamma}}+zg_{1}+\overline{z}\overline{g}_{1}b\}F_{n}(zg)\overline{F}_{m}(_{\overline{Z}}\overline{g})$ (3.5)











$\partial$ $++$ $(\xi+\overline{\xi})$ .
, $\mu\in\{0, \cdots, n\}$ 1 , $x=x_{\mu},$ $g(x_{\mu})=u(x_{0}, \cdots, x_{\mu}, \cdots, x_{n})$
. $g_{r}=\partial_{\mu}^{f}u$ . $F_{n}$ , $\mu$ Bell
$F_{n,\mu}$ $\equiv$ : $F_{n}(zg1, \cdots, zg_{n})|_{z=\frac{\partial}{\partial u}}$ : (3.8)
$=$ : $F_{n}( \partial_{\mu}u\frac{\partial}{\partial u}, \partial_{\mu}^{2}u\frac{\partial}{\partial u}, \cdots, \partial_{\mu}^{n}u\frac{\partial}{\partial u})$ : (3.9)
$=$ $\sum_{j=1}^{n}Bnj(g_{1}, \cdots ,g_{n-}j+1)(\frac{\partial}{\partial u})^{j}$ (3.10)
$\overline{F}_{n,\mu}$ $F_{n,\mu}$ . , :: ,
. $C^{n+m+1}$ $f=f(u,\overline{u})$ , : $F_{n,\mu}\overline{F}_{m,\mu}$ : $f(u,\overline{u})$
, total divergence $\partial_{\mu}$
$\partial_{\mu}=\sum_{r=1}^{n}\partial_{\mu}’\Gamma+1u\frac{\partial}{\partial(\partial_{\mu^{u}}^{r})}+\sum_{1r=}\partial^{r+}1\frac{\partial}{\partial(\partial_{\mu}^{r}\overline{u})}m\mu\overline{u}+\partial\mu u\frac{\partial}{\partial u}+\partial_{\mu}\overline{u}\frac{\partial}{\partial\overline{u}}$ . (3.11)
, total divergence $\partial_{\mu}$ $P_{\mathrm{B}}$ $\partial$ .
,
$\partial_{\mu}$ : $F_{n,\mu}\overline{F}_{m,\mu}$ : $f(u,\overline{u})=:$ $\partial(F_{n}(zg)\overline{F}m(\overline{z}\overline{g}))|_{z=}\frac{\partial}{\partial u}$ : $f(u,\overline{u})$ . (3.12)
.
, .
$\sum_{\mu}’F_{\mathrm{P},\mu}\equiv F_{p,0}-\sum_{j=1}Fnp,j$ . (3.13)








’ $F_{p,\mu}(u^{k})$ ( $\mathrm{d}\mathrm{i}$ Bruno )
$=$ $\sum_{\mu}’\sum_{j=1}^{p}Bj(pg_{1}, \cdots,g_{p-j+1})(\frac{\partial}{\partial u})^{J}(u)k$
$=$ $\sum_{j=1}^{p}j!\sum_{\mu}’B_{\mathcal{P}j}(g_{1}, \cdots,g_{p-j+1})uk-j$
for $1\leq k\leq p$ .
$p$-submodel
$\sum_{\mu}’B_{pj}(g_{1}, \cdots,g_{p-j+}1)=0$
for $1\leq j\leq p$ ,
$\sum_{\mu}’F_{p,\mu}=0$
(3.15)
– (3.7) , $p$-submodel
;
,
$(\xi+\overline{\xi})p(\xi,\overline{\xi})=\alpha\xi^{p}+\beta\overline{\xi}^{p}$ $\alpha,\beta$ : constant. (3.16)
$p(\xi,\overline{\xi})$ . $V_{p,\mu}$
$V_{p,\mu}\equiv:\Phi^{-1}(p(\xi,\overline{\xi}))|_{z=}\mathrm{a}$ : (3.17)
. , $C^{p}$ $f=f(u,\overline{u})$ ,
$V_{p,\mu}(f)$ (3.18)
$P$-submodel .
, uP to constant – .
$p( \xi,\overline{\xi})=\sum_{=k0}^{p-1}(-1)k\xi^{p}-1-k\overline{\xi}^{k}$ . (3.19)
, .
$V_{p,\mu}= \sum_{=k0}^{p-1}(-1)^{k}.:F_{p-1-k,\mu}\overline{F}_{k},\mu$ : . (3.20)
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4
$p=2,3,$ $\cdots$ , $i=0,1,$ $\cdots,$ $[(p-1)/2]$ $(p, i)$ .
, 2 $\mathrm{C}[\xi,\overline{\xi}]$ $\xi^{p-i}\overline{\xi}^{i}$ ( )
. ,
$(\xi+\overline{\xi})p(\xi,\overline{\xi})=\alpha\xi^{p-}i\overline{\xi}^{i}+\beta\xi^{i}\overline{\xi}P^{-i}$ (41)
$p(\xi,\overline{\xi})$ . p–submodel ,
up to constant – .
$p( \xi,\overline{\xi})=\sum^{-}(-1p1k=-20\text{ })k\xi p-1-i-k\overline{\xi}i+k$. (4.2)
.








for $1\leq k\leq p-i,$ $1\leq l\leq i$ .




$(p, i)- submode\iota$ .







$\partial_{\mu}u\frac{\partial f}{\partial u}-\partial\mu\overline{u}\frac{\partial f}{\partial\overline{u}}$, (4.7)
$V_{(3,0)},\mu(f)$ $=$ $F_{2,\mu}(f)-:F_{1,\mu}\overline{F}_{1,\mu}!(f)+\overline{F}_{2},(\mu f)$
$=$




$\partial_{\mu}u\partial_{\mu}\overline{u}\frac{\partial^{2}f}{\partial u\partial\overline{u}}$ . (4.9)
5 $(p, i)$-submodel
$(p, i)_{\mathrm{S}}- \mathrm{u}\mathrm{b}\mathrm{m}\mathrm{o}\mathrm{d}\mathrm{e}1$ , (2.5) .
5.1. $f=f(u)$ . , $u(x_{0}, \cdots, x_{n})$ p-submodel
, $f(u(x_{0}, \cdots , x_{n}))$ .
$\sum_{\mu\mu}/_{\alpha^{pi}\overline{\alpha}_{\mu}}-i=0$ $u= \alpha_{0}x_{0}+\sum_{i=1}^{n}\alpha iXi$ $(p, i)$-submodel
. .
52. $f=f(u)$ . ,
$f( \alpha_{0}x0+\sum_{1i=}\alpha ixi)$ (5.1)
$(p, i)$ -submodel . $\sum_{\mu}\prime i0\alpha_{\mu}^{p-}\overline{\alpha}_{\mu}^{i}=$ .
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